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[bookmark: _Toc116995841]Introduction
In RAN4#110 the following it was agreed which test settings to be used for DCI index 1-5, however it still remains open which test settings to use for DCI index 6. The following testcases were agreed for DCI index 1-5:
	Test setting for when UE is indicated Modulation order (DCI index 1-5 is indicated)
· Agreement:
· For Rank 1+1 with 2T2R
· Case2: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE
· For Rank 2+2 with 4T4R:
· Case7: Orthogonal precoding, TDLA30-10, ULA Low, MCS 17 (Table 1) for Target UE, 16QAM for co-UE. full FDRA for the co-UE
· For Rank 1+1 with 2T4R:
· Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE



In the following we will provide Nokia’s view on the remaining open issues as well as make observations and proposals where needed.
[bookmark: _Toc116995842]Discussion
Test parameters for the advanced receiver for MU-MIMO
Test setting for when UE is not indicated Modulation order (DCI index 6 is indicated)
In RAN4#110bis test parameters for DCI index 1-5 was agreed, however it was kept open, which test parameters to use when DCI index 6 is indicated (UE must do modulation order blind detection)
	Test setting for when UE is not indicated Modulation order (DCI index 6 is indicated)
· For Rank 1+1 with 2T2R, down-select among the following cases:
· Orthogonal precoding, TDLC300-100, ULA low, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE
· Case26: Orthogonal precoding, TDLC300-100, ULA medium, MCS 17 (Table 1) for Target UE, 16QAM for co-UE, full FDRA for the co-UE
· Case 20: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE (as priority for requirement definition)
· Companies are encouraged to bring simulation results for all cases above
· For Rank 2+2 with 4T4R:
· Option 1: Introduce rank 2+2 4T4R requirements with modulation order blind detection
· Option 1A (Case 32): Orthogonal precoding, TDLA30-10, XP medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE
· Option 1B (Case 31): Orthogonal precoding, TDLA30-10, ULA Low, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE
· Option 2: Do not introduce rank 2+2 4T4R requirements with modulation order blind detection
· For Rank 1+1 with 2T4R, if introduced, down-select among the following test cases:
· Orthogonal precoding, TDLC300-100, ULA low, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE
· Case 29: Orthogonal precoding, TDLC300-100, ULA medium, MCS 17 (Table 1) for Target UE, 16QAM for co-UE, full FDRA for the co-UE 
· Case 23: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE
· Companies are encouraged to bring simulation results for all cases above




For Rank 1+1 with 2T2R
Based on our simulation results [2] we see the newly added case “Orthogonal precoding, TDLC300-100, ULA low, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE” (20a) as a feasible, however with limited gain over reference compared to “Case 20: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE” (2.9dB gain vs 6.8dB). In addition, case 20 configuration is the same as the already agreed case 2 for DCI index 2.
Based on the higher gain as well as the alignment with the DCI index 2 agreed testcase, we see “Case 20: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE” as the most optimal selection for Rank 1+1 with 2T2R.
Our simulations show that “Case26: Orthogonal precoding, TDLC300-100, ULA medium, MCS 17 (Table 1) for Target UE, 16QAM for co-UE, full FDRA for the co-UE” have too high SNR for requirement definition.
Compared to “Orthogonal precoding, TDLC300-100, ULA low, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE”, “Case 20: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE” provides the best gain and is also aligned with the already agreed case for DCI index 2 with rank 1+1 with 2T2R.
For Rank 1+1 with 2T2R define requirements for DCI index 6 using “Case 20: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE”

For Rank 1+1 with 2T4R
Based on our simulation results [2] we see the newly added case “Orthogonal precoding, TDLC300-100, ULA low, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE” (20a) as a feasible, however with limited gain over reference compared to “Case 23: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE” (1.1dB gain vs 7.9dB). In addition, Case 23 configuration is the same as the already agreed case 7 for DCI index 2.
Based on the higher gain as well as the alignment with the DCI index 2 agreed testcase, we see “Case 23: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE” as the most optimal selection for Rank 1+1 with 2T4R.

Our simulations show that “Case 29: Orthogonal precoding, TDLC300-100, ULA medium, MCS 17 (Table 1) for Target UE, 16QAM for co-UE, full FDRA for the co-UE” have too high SNR for requirement definition.
Compared to “Orthogonal precoding, TDLC300-100, ULA low, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE”, “Case 23: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE” provides the best gain and is also aligned with the already agreed case for DCI index 2 with rank 1+1 with 2T4R.
For Rank 1+1 with 2T4R define requirements for DCI index 6 using “Case 23: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE”

For Rank 2+2 with 4T4R
We see the configuration of Rank 2+2 with 4T4R as a configuration seen in real deployment. In addition, with DCI index 6 it is indicated that all co-scheduled UEs will have same MO, hence the UE will only need to determine the MO of on co-scheduled layer and can then assume the same MO is used for other co-scheduled layers.
Results provided in RAN4#110bis for rank 2+2 in [3] shows good enough gain over baseline for both cases, however case 31 shows a span of <2.5 dB whereas case 32 shows a span of >2.5dB but can be reduced to <2.5dB by removing one outlier effectively resulting in a lower span compared to case 31. Same conclusion can be seen for the TDD cases.
Based on reaching lowest span (with removal of one outlier) as well as providing the best gain over baseline, we see “Option 1A (Case 32): Orthogonal precoding, TDLA30-10, XP medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE” as the best choice for requirement definition for Rank 2+2 with 4T4R.
“Option 1A (Case 32): Orthogonal precoding, TDLA30-10, XP medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE” provides the best gain over baseline and can reach span of <2.5dB by removal of only one outlier.
For Rank 2+2 with 4T4R define requirements for DCI index 6 using “Option 1A (Case 32): Orthogonal precoding, TDLA30-10, XP medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE”

RRC assistant information configuration on the MCS table
In RAN4#110bis it was agreed to signal the 256QAM MCS table for UEs indicated with DCI-6, however for DCI-1 to 5 it is still open if signalling of MCS table is needed at all (see [1])
	RRC assistant information configuration on the MCS table
· For UEs not supporting modulation order blind detection:
· Option 1: No need for the network to inform such information to the UE
· Option 2: Signalled regardless of whether the UE supports MO BD
· Option 2A: 256QAM MCS Table
· Option 2B: 64QAM MCS table
· For UEs supporting modulation order blind detection:
· Agreement:
· 256QAM MCS Table 



UEs not capable of MO BD are expected to use R-ML receiver only when they are signalled the exact MO of co-UEs using DCI value 1 to 5, hence there is no need to additionally send information about MCS table used.
When DCI index 1-5 is signalled, the target UE is directly informed of the co-scheduled UE modulation order by the DCI, hence there is no need to additionally inform the target UE about the used MCS table.
Do not introduce RRC assistant information regarding MCS table of co-UEs to UEs not supporting MO BD (option 1).

For UE supporting MO BD, whether to introduce applicability rule to skip test(s) with modulation order indicated.
In RAN4#110-bis it was kept open whether to introduce applicability rules to skip test(s) with modulation order signalled (DCI index 1-5), as the final decision of the test cases without modulation order signalled (DCI index 6) we not finalized (see [1]):
	For UE supporting MO BD, whether to introduce applicability rule to skip test(s) with modulation order indicated
· Candidate options:
· Option 1: Introduce applicability rule to skip tests with modulation order indicated for UEs capable of BD MO
· Option 2: Do not introduce applicable rule skip tests with modulation order indicated



We believe UEs supporting BD MO should be capable of passing all tests with the same configuration meant for a UE without BD MO support.
Hence it is fine to make applicability rule to skip tests with same configuration for DCI index 1-5 (with MO indicated) if UE passes the test with the same configuration where DCI index 6 is indicated (without MO indicated) if there is insignificant (<0.5 dB) difference between the requirements with and without MO signaling.
UEs capable of BD MO which has passed the tests with DCI index 6 (with BD MO), should be capable of passing a test with same configuration meant for UEs with DCI index 1-5 signalled (without BD MO support).
Consider introducing applicability rule to skip tests with DCI index 1-5 if the following applies:
- A test with the same configuration exists for DCI index 1-5 as is tested for DCI index 6.
- There is insignificant difference if SNR @ 70% TP (< 0.5dB) between the DCI index 1-5 test and the DCI index 6 test.

UE capability aspects
In RAN4#110bis agreements were made with relation to the UE capability definition. Additional proposals were added for combination or removal of feature groups (see [1])
	Updates to UE capability definition
· Agreement:
· For 36-1, update the note in capability granularity column as below:
· UE supports R-ML on MU-MIMO on single carrier operation. UE optionally supports R-ML on MU-MIMO on one or more carriers in CA, NE-DC, EN-DC and NR-DC operation
· Update the ‘Components’ column as below:
· For 36-1:
· R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression, for MU-MIMO up to maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 2 RX and 4RX antennas, when co-scheduled UE(s)’ modulation order is explicitly signalled by DCI index 1-5 in Table 7.3.1.2.2-12 of TS38.212.
· For 36-2a:
· R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression for MU-MIMO [for 2 layers across target and co-scheduled UEs with 2RX and 4RX] when co-scheduled UE(s)’ modulation order is not signalled DCI index 6 or 7 in Table 7.3.1.2.2-12 of TS38.212 is signalled.
· For 36-2b:
· R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression for MU-MIMO [for 2 layers across target and co-scheduled UEs with 2RX and maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4RX] when co-scheduled UE(s)’ modulation order is not signalled DCI index 6 in Table 7.3.1.2.2-12 of TS38.212 is signalled.
· [bookmark: _Hlk159437914]Proposals on 36-2a and 36-2b:
· Proposal 1: Combine 36-2a and 36-2b and remove number of layer descriptions if RAN4 agrees to not define 2+2 test under DCI 6
· Proposal 2: Remove FG 36-2b and keep 36-2a from UE feature list



Since it has not yet been agreed if 2+2 test cases under DCI-6 are to be defined, the discussion on the UE capability definition should be postponed until all DCI-6 test cases has been agreed.
Further discuss the proposed changes to the UE capability definition after all test cases under DCI-6 has been agreed.

[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]We have presented Nokia's view on the open issues with relation to the general aspects for MU-MIMO Advanced Receivers performance.

We have the following observations and proposals:
Test setting for when UE is not indicated Modulation order (DCI index 6 is indicated)
1. Our simulations show that “Case26: Orthogonal precoding, TDLC300-100, ULA medium, MCS 17 (Table 1) for Target UE, 16QAM for co-UE, full FDRA for the co-UE” have too high SNR for requirement definition.
Compared to “Orthogonal precoding, TDLC300-100, ULA low, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE”, “Case 20: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE” provides the best gain and is also aligned with the already agreed case for DCI index 2 with rank 1+1 with 2T2R.
1. For Rank 1+1 with 2T2R define requirements for DCI index 6 using “Case 20: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE”

Our simulations show that “Case 29: Orthogonal precoding, TDLC300-100, ULA medium, MCS 17 (Table 1) for Target UE, 16QAM for co-UE, full FDRA for the co-UE” have too high SNR for requirement definition.
Compared to “Orthogonal precoding, TDLC300-100, ULA low, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE”, “Case 23: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE” provides the best gain and is also aligned with the already agreed case for DCI index 2 with rank 1+1 with 2T4R.
For Rank 1+1 with 2T4R define requirements for DCI index 6 using “Case 23: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE”

“Option 1A (Case 32): Orthogonal precoding, TDLA30-10, XP medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE” provides the best gain over baseline and can reach span of <2.5dB by removal of only one outlier.
For Rank 2+2 with 4T4R define requirements for DCI index 6 using “Option 1A (Case 32): Orthogonal precoding, TDLA30-10, XP medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE”

RRC assistant information configuration on the MCS table
When DCI index 1-5 is signalled, the target UE is directly informed of the co-scheduled UE modulation order by the DCI, hence there is no need to additionally inform the target UE about the used MCS table.
Do not introduce RRC assistant information regarding MCS table of co-UEs to UEs not supporting MO BD (option 1).

For UE supporting MO BD, whether to introduce applicability rule to skip test(s) with modulation order indicated
UEs capable of BD MO which has passed the tests with DCI index 6 (with BD MO), should be capable of passing a test with same configuration meant for UEs with DCI index 1-5 signalled (without BD MO support).
Consider introducing applicability rule to skip tests with DCI index 1-5 if the following applies:
- A test with the same configuration exists for DCI index 1-5 as is tested for DCI index 6.
- There is insignificant difference if SNR @ 70% TP (< 0.5dB) between the DCI index 1-5 test and the DCI index 6 test.

UE capability aspects
Further discuss the proposed changes to the UE capability definition after all test cases under DCI-6 has been agreed.
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